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Abstract

Current low complexity profile includes rounding control for bi-prediction to combat the rounding error accumulation happening in averaging two predictions. This proposal argues that error accumulation problem actually doesn’t exist if the rounding operation for bi-predictive signal is performed at the last step. After interpolating each one of the predictions, this proposal doesn’t round the prediction to input bit-depth but do the rounding after both predictions are added, while keeping all the intermediate calculations in 16-bit. 
1 Introduction 

HM 0.9 low complexity configuration includes rounding control for bi-predictive signals, where the encoder signals the rounding offset (either 1 or 0) to combat rounding error accumulation [1][2]. This is illustrated in Figure 1.

[image: image1.png]N-tap filter with
integer coefficients

Add rounding

Shift toinput

P1

offset

bit-depth

N-tap fiter with
integer coefficients

‘Add rounding

Shift toinput

‘Add rounding offset
(signalled in bitstream)

Shift to input
bit-depth

offset

bit-depth

Do

2,




Figure 1 Illustration of current bi-prediction
Rounding error is negligible when the input bit-depth is 12 so rounding control is not used for high efficiency configuration. To improve the coding efficiency, the current HM 0.9 encoder uses separate cost functions (27 of new cost functions are added for rounding up and rounding down).

In order to harmonize the two configurations, clean the syntax and simplify the encoder implementation, we propose an alternative to combat rounding errors. In the proposal, we don’t signal the rounding offset but keep each of the interpolated signals at high precision. The rounding is performed at the last step after both prediction signals are added. All the calculations are still performed in 16-bit (The idea is similar to performing rounding as the last step for bilinear interpolation described by Qualcomm earlier [2]). Figure-2 illustrates the modification.
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Figure 2 Rounding as last step for bi-directional averaging

It should be noted that we only changed bi-directional averaging in motion compensation, and we don’t perform high accuracy motion estimation. Also no rounding offset need to be added in bidirectional averaging as seen in Figure 2.
2 Results

We first compare our results with the anchor. For the anchor in low complexity mode, bi directional rounding control is enabled, whereas for the proposal rounding control is disabled. (Detailed results can be found in the attached excel sheet).

	 
	 
	Random access
	 
	 
	Random access LoCo
	 

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.0 
	0.1 
	0.2 
	-0.4 
	-0.8 
	-0.3 

	Class B
	0.0 
	0.0 
	-0.1 
	-0.3 
	-1.1 
	-0.6 

	Class C
	0.0 
	0.0 
	0.0 
	-0.2 
	0.0 
	0.1 

	Class D
	0.0 
	0.0 
	0.0 
	-0.1 
	0.2 
	0.8 

	Class E
	 
	 
	 
	 
	 
	 

	All
	0.0 
	0.0 
	0.0 
	-0.3 
	-0.4 
	0.0 

	
	
	
	
	
	
	

	 
	Low delay
	Low delay LoCo

	 
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.0 
	-0.4 
	-0.9 
	0.0 
	-0.7 
	-0.4 

	Class C
	0.0 
	-0.1 
	-0.1 
	0.1 
	-0.2 
	-0.1 

	Class D
	0.0 
	-0.8 
	0.0 
	-0.1 
	0.7 
	0.7 

	Class E
	-0.1 
	-3.8 
	-3.2 
	0.6 
	0.6 
	-1.4 

	All
	0.0 
	-1.1 
	-0.9 
	0.1 
	0.0 
	-0.3 


As expected, the high efficiency results has changed minimally as the effect of rounding error is negligible due to using increased precision. For low complexity simulations, it is shown that proposal achieves similar and slightly better results without using rounding control.

Following results show the gain achieved when compared to anchor without using rounding control. 

	 
	 
	Random access LoCo
	 

	
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-1.1 
	-3.6 
	-4.2 

	Class B
	-1.4 
	-6.4 
	-7.6 

	Class C
	-0.4 
	-2.5 
	-2.8 

	Class D
	-0.5 
	-4.1 
	-4.1 

	Class E
	 
	 
	 

	All
	-0.9 
	-4.4 
	-4.9 

	
	
	
	

	 
	Low delay LoCo

	 
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 

	Class B
	-1.3 
	-3.9 
	-4.9 

	Class C
	-0.7 
	-1.9 
	-2.1 

	Class D
	-0.7 
	-0.8 
	-1.0 

	Class E
	-1.2 
	-6.0 
	-9.4 

	All
	-1.0 
	-3.0 
	-4.1 


3 Conclusions

This contribution proposes a minor fix on how the bi-directional prediction is generated. Using this change, rounding happens at the last stage, after two bi-prediction signals are added. Since this proposal achieves similar and slightly better results compared to rounding control, doesn’t need encoder to use different cost functions during motion estimation step, harmonizes low complexity and high efficiency designs and removes the need for additional syntax, it is proposed to adopt this feature in HM.
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